The DNA of Rhodomicrobium vannielii was analysed for the presence of inverted repeat sequences (IR DNA) by S1 nuclease digestion. Approximately 7% of chromosomal DNA was found to be IR DNA which comprised two size classes. The large IR DNA was heterogeneous and contained species in the size range 100-700 bp. The smaller size class contained species of 17 and 27 bp. Both size classes of IR DNA hybridized to many chromosomal restriction fragments, suggesting that these IR DNA sequences are dispersed throughout the genome. Hybridization studies also indicated sequence homology between the two classes of IR DNA and suggested that the 17 and 27 bp IR DNA sequences may exist in clusters.
METHODS
Cell culture and selection of synchronous swarmer cell populations. Rhodomicrohium vannielii RM5 was grown in anaerobic liquid batch culture in the pyruvate-malate medium (PM medium) of Whittenbury & Dow (1977) at 30 "C with illumination of approximately 2000 lx. Swarmer cells were selected from liquid culture by filtration according to the method of Whittenbury & Dow ( 1977) and their differentiation was initiated by reillumination.
Preparation yf chromosomal DNA. Cells, from complex cultures or swarmer cell preparations, were harvested by centrifugation at 23000g for 20 min. Cell pellets were washed once in TES buffer (50 mM-Tris/HCl pH 8.0,50 mMNaCI, 50 mM-Na2EDTA) and resuspended in TES buffer containing 25% (w/v) sucrose. After passage through a French pressure cell at 1000 lbf in-' (6-9 MPa), lysozyme (Sigma) was added to 1 mg ml-I and the cell suspension incubated at 37 "C for 10 min. This was followed by addition of Na2EDTA to 50 mM, transfer to ice and addition of sodium N-lauroylsarcosinate (Koch-Light Laboratories) to 3.5% (w/v). The lysate was then made 1 M with respect to sodium perchlorate and incubated I'or 1Omin at 65°C. It was then deproteinized twice with phenol/chloroform/isoamyl alcohol (25 : 24: I , by wt) and nucleic acids were precipitated with 2 vols ethanol. DNA was further purified by CsCl gradient centrifugation; after dialysis for 24 h against TE buffer (10 mM-Tris/HCl pH 8.0, I mM-Na, EDTA) it was stored at 4°C over chloroform.
Isolation and yuant$cation qf inverted repeat sequence D N A . Inverted repeat sequence DNA (IR DNA) was obtained by digestion of denatured and rapidly renatured chromosomal DNA with the single-strand specific nuclease S1 as follows. DNA at a concentration of 1 mg ml-' in water was denatured by incubating at 100°C for 10 min, followed immediately by rapid chilling on ice, yielding OC,,t renatured DNA. When cool an equal volume of x 2 concentrated SI buffer (0.6 M -N~C I , 0.05 M-sodium acetate, 0.003 M-ZnClz pH 4.6) was added to the OC,t renatured DNA and SI nuclease (BRL; I unit per pg DNA) was then added. Digestion wasallowed tocontinue for up to 6 h at 37 "C. after which the reaction was stopped by addition of Na,EDTA to 30 mM and extraction with an equal volume of phenol/chloroform/isoamyl alchohol(25: 24: I , by wt). S1-resistant DNA was then precipitated at -20 "C by addition of 2 vols ethanol in the presence of 100 pg glycogen as carrier.
The abundance of inverted repeat sequences was determined by assaying trichloroacetic acid (TCA) precipitable DNA throughout SI digestion of denatured and OC,,t renatured DNA labelled with 32P in cioo as described by Russell (1984) . Nuclease SI digestion of 32P-labelled DNA (10b-107c.p.m. per assay) was done as described above. Duplicate 5 pl samples were taken at various times during digestion and assayed as follows. Samples were added to 500 pI calf thymus DNA (200 pg ml-I ) in TE buffer on ice and were immediately made 10% (w/v) with respect to TCA by addition of a 100% (w/v) solution. Samples were kept on ice for 30 min before collecting acid-precipitable material by filtration on 25 mm glass microfibre filter discs (Whatman GF/C). The filters were washed with 3 x 1 ml 5% TCA and I ml ethanol. air-dried at 30°C and assayed by scintillation counting in 5 ml Beckman cocktail EP.
Restriction endonucleasc. digestions und elecrrophorc~sis qf DNA. Restriction enzymes were used as directed by the suppliers. DNA fragments were electrophoresed in horizontal 0-7-3.0% agarose or vertical 5% polyacrylamide slab gels.
Hybridization. DNA fragments in agarose gels were transferred to nitrocellulose membranes (Schleicher & Schull BA85) by the method of Southern (1975) . Transfer buffer was 20 x SSC (1 x SSC is 0.15 M-NaCl, 0.015 Mtrisodium citrate, pH 7.0) except in the case of the 3% agarose gel in Fig. 3 where 10 x SSC was used. Hybridization to DNA fragments immobilized on nitrocellulose was done by a modification of the method of Denhardt (1966) . Filters were initially prehybridized in 0.02% (w/v) Ficoll, 0.02% polyvinylpyrollidone and 0.02% bovine serum albumin (BSA) in 3 x SSC at 68 "C. Further prehybridization was done in the same buffer with 50 pg denatured calf thymus DNA ml-I (CT-DNA, Sigma) and 0.1 % (w/v) sodium dodecyl sulphate (SDS) at 68 "C for I h. Hybridization was done in a small volume ( I -3 ml) of final prehybridization solution containing lo6-lox c.p.m. denatured, nick-translated (Rigby et al., 1977) probe DNA for at least 16 h at 68 "C. Hybridized filters were washed five times in hybridization solution at 68 "C for 5 min, then in 0.1 x SSC, 0.1 % SDS. 50 pg CT-DNA ml-1 twice for 15 min at 68 "C. Washed filters were allowed to dry thoroughly before autoradiography. This method was not used with the 17/27 bp IR DNA probe because of the size of the fragments. Instead, filters were hybridized by the method of Wallace et al. (1981) 
RESULTS
Previous work used renaturation kinetics and electron microscopy to determine the abundance and size distribution of inverted repeat sequence DNA in the genome of Rhodomicrobium vannielii . In this work a more direct method was used to isolate and assay the abundance of inverted repeat sequences in R . uannielii DNA by TCA precipitation of nuclease S l-resistant OC,t DNA produced by denaturation and rapid renaturation. S1 digestion of OC,t renatured 32P-labelled E. coli and R. vannielii DNA yielded limit values of 7% and 9% Sl-resistant DNA respectively. The resulting S1-resistant fraction was isolated and again denatured, renatured and digested with nuclease Sl. This redigestion should remove all of the genuine inverted repeat sequences from the Sl-resistant fraction as they would have been reduced to linear duplex molecules in the first S1 digestion. Thus, only crosslinked DNA, DNA with multiple repeat structure and contaminating acid-precipitable material would survive the second S1 digestion. The S1 redigestion showed that 20% of the R. vannielii Sl-resistant fraction and 50% of the E. coli S1-resistant fraction did not consist of IR DNA. This allowed revised estimates of the IR DNA content of DNA extracted from E. coli and R. vannielii as 3.5% and 7% respectively. The size distribution of IR DNA from R. cannielii was estimated by electrophoresis in 5 % polyacrylamide slab gels. Fig. 1 shows an autoradiograph of such a gel from an S1-digestion time course. It is clear that the average fragment size decreased throughout digestion, even at digestion times when the acid precipitable count remained constant. Two classes of fragment were observed: a heterogeneous smear of fragments from 100-700 bp and a pair of discrete bands of approximately 17 and 27 bp. The low M , bands made up a significant proportion of the total IR D N A and appeared to be stable at longer digestion times, in fact increasing in intensity.
The high and low M , IR DNA fractions could be separated by gel filtration through a 3 ml bed volume column of Sephadex G-50 (Pharmacia) and so were used independently as hybridization probes to examine the distribution of IR D N A sequences within the R. vannielii genome. Fig. 2 shows one such hybridization experiment. Both probes hybridized to many bands in the EcoRI digests and appeared to have a number of bands in common. There were no distinct differences in hybridization pattern with the different stage-specific D N A preparations used. This suggested that IR DNA sequences were probably not involved in major cell-cycle associated DNA rearrangements.
To determine whether there was any homology between the high and low M , IR DKA fractions, labelled low M, IR D N A was hybridized to a 3% agarose gel containing high M , IR DNA (Fig. 3) . It is apparent that the low M , IR D N A had homology throughout the high M , smear. More interesting, however, is the hybridization to HaeIII digested chromosomal DNA, which shows four faint hybridized bands. was supported by the timing of the appearance of the low M , fragments (Fig. 1) . Hybridization of low M , IR DNA to HaeIII-digested chromosomal DNA was considerably different from that with other restriction digests. The four bands observed here (Fig. 3) suggested that the low M , IR DNA sequences have a clustered distribution in the genome, in contrast with the hybridization in Fig. 2 . It is possible, however, to incorporate all of these observations into a single model which describes the distribution of IR DNA sequences within the R. vannielii genome. We propose that the 17 and 27 bp IR DNA fragments are organized in clusters which make up the 100-700 bp IR DNA fraction. These high M , fragments are arranged in groups which produce the four hybridizing bands on digestion with HaeIII. These groups of IR DNA fragments are dispersed throughout the genome, as demonstrated by the hybridization of both IR DNA fractions to many EcoRI restriction fragments whose average size is much larger than the HaeIII fragments.
A family of palindromic sequences, similar in size to the low M , IR DNA sequences described here, has been found by computer searches of the available sequence data for E. coli (Gilson et al., 1984; Stern et al., 1984) . These elements comprise 0.5-1.0% of the E. coli genome, generally occur between genes, and may have some regulatory function. Indeed, one member of this family has been suggested to act in attenuation of transcription within the deoC-deoA operon (Valentin-Hansen et al., 1984) . In Sl digestion experiments similar to those described here, low M , IR DNA fragments of this size have been observed in E. coli (Russell, 1984) . In contrast with the IR DNA sequences of R . vannielii, however, these fragments appeared early in digestion and were not visibly stable to prolonged Sl digestion. This may reflect differences in the sequence homology between the repeats and in their organization within the genome.
